Introduction: This study aimed to describe medical oncologist's opinions and perceptions regarding the management of dermatologic toxicities among metastatic colorectal cancer (mCRC) patients who were treated with panitumumab in the USA and assess if there were differences across demographic and clinical characteristics. Methods: We developed a survey based on the current literature and expert opinions regarding the management of dermatologic toxicities. The survey was implemented online in September 2016. Eligible oncologists were board certified and had treated at least five new or continuing patients with mCRC in the last 3 months, among whom at least three patients had
PLAIN LANGUAGE SUMMARY
Panitumumab is a medication for the treatment of metatstatic colorectal cancer. This medication frequently causes a painful rash. However, management strategies exist that are more likely to keep the rash in a mild form. If not managed properly, there is a risk that the rash can progress to a more moderate or severe form which can affect a patient's quality of life.
What do Oncologists Currently Know About Strategies to Best Manage Rash Associated with Panitumumab?
To find out, we asked medical oncologist's their opinions and perceptions regarding the management of skin toxicities caused from treatment with panitumumab.
We identified three common problems in how oncologists currently manage rash: 1. Managing rash should start at the time of the first dose of panitumumab, but oncologists typically wait until the rash emerges before providing treatment with prescription or other-the-counter medications.
INTRODUCTION
In 2017, an estimated 135,000 Americans were newly diagnosed with colorectal cancer (CRC), adding to the approximately 1.5 million Americans who are alive with a history of CRC [1] . Approximately 50% of CRC patients will eventually develop metastatic colorectal cancer (mCRC), and an estimated 20-25% of new cases have mCRC at diagnosis [2] [3] [4] . Among cancers, CRC has the fourth highest mortality rate in the USA, with an annual mortality rate that is currently estimated at 14.1 deaths per 100,000, representing approximately 50,000 deaths annually [1, 5] . The mortality rate due to CRC has dropped 51% since its peak of 28.6 per 100,000 in 1976 [1] . Increased survival rates have been attributed to both earlier detection and treatment improvements [1] . mCRC treatments targeting the epidermal growth factor receptor (EGFR), namely panitumumab (Vectibix Ò ) and cetuximab (Erbitux Ò ), account for some of the improvements in survival and are the focus of this paper [6] .
Acute and chronic skin toxicities are commonly experienced among mCRC patients who are treated with anti-EGFR therapies. The prototypical cutaneous adverse reaction associated with all EGFR inhibitors is acneiform eruption, which represents the most common form of acute dermatologic toxicity. The acneiform rash occurs in approximately 80% of patients who are treated with an anti-EGFR; its severity is usually grade 1-2, although 15-20% of patients experience acute toxicity (grade 3 or higher) [7] [8] [9] . The rash typically occurs early in the course of therapy and is associated with pruritus and pain; presentation of the rash leads to dose reduction or treatment cessation as well as impaired quality of life in approximately 30% of patients who are treated with an anti-EGFR [7, 9, 10] .
Despite the high incidence of dermatologic toxicities in this patient population, there are currently no clinical standards for how these patients are managed even though clinical standards do exist. There is clear evidence from the Skin Toxicity Evaluation Protocol with Panitumumab (STEPP) [11] and the Japan Skin Toxicity Evaluation Protocol with Panitumumab (J-STEPP) [12] studies that the severity of the rash can be significantly reduced if it is managed pre-emptively. In these studies, the pre-emptive skin treatment regimen began 1 day before the first panitumumab dose and continued through weeks 1 to 6. The regimen consisted of skin moisturizer, sunscreen, 1% hydrocortisone cream, and doxycycline 100 mg twice per day in the STEPP study, and skin moisturizer, sunscreen, 0.5% hydrocortisone cream, and minocycline 100 mg once per day in the J-STEPP study. Both studies demonstrated reduced severity in panitumumab-associated dermatologic toxicities through the implementation of pre-emptive versus reactive skin management.
Improving the manner in which rash is managed among mCRC patients who are treated with anti-EGFR therapies first requires an understanding of how it is currently managed using real-world data. This information is currently lacking. Therefore, the aim of our study was to describe medical oncologist's opinions and perceptions regarding the management of dermatologic toxicities among mCRC patients who were treated with panitumumab in the USA and to assess if there were differences across demographic and clinical characteristics. These data may provide insights into interventions that can increase the utilization of pre-emptive management strategies, thereby reducing the incidence and severity of skin toxicity associated with anti-EGFR therapies among mCRC patients.
METHODS

Online Survey
This was a cross-sectional study that utilized an online survey that was distributed to oncologists in the USA in September 2016. The 30-min survey included questions on demographic characteristics of the physicians, as well as opinions on how dermatologic toxicities are typically managed among mCRC patients, and specifically what agents they recommend (i.e., moisturizers, sunscreen, ultraviolet [UV]-protective garments, over-the-counter topical steroids, prescription steroids, topical antibiotics, and oral antibiotics) and when they recommend them relative to the onset of rash. There were specific questions related to treatment background (five questions), general skin toxicity management (nine questions), specifics of skin toxicity management (nineteen questions), and therapy adjustment (eleven questions). The survey was developed using expert opinions and current literature and underwent two rounds of pilot testing to ensure readability, sensibility and content validity.
Participants
To be eligible to participate in the study, physicians needed to be board certified in oncology. They also needed to have treated at least five new or continuing mCRC patients in the previous 3 months, of whom at least three of these patients must have received, or were still be receiving, therapy with an EGFR inhibitor. Exclusion criteria included (1) failing to provide informed consent; and (2) not allowed to be compensated for participation in survey research (i.e., those who are licensed in Vermont and those who treat patients in Government or Department of Veterans Affairs settings).
Stratification by Participant Demographics
Given the objectives of the study, all analyses were stratified based on the following demographic and clinical characteristics of the participating oncologist: region within the USA (west, midwest, south, or northeast), practice type (academic or community-based practice), years of practice (B 10 years or [ 10 years), and practice size (B 5 or [ 5 doctors).
Data Analysis
Data analysis was performed using STATA version 10.0 (StataCorp 2007; StataCorp LP, College Station, TX, USA). This was a descriptive study. Responses were cross-tabulated and compared based on region in the USA, practice type, years in practice, and practice size.
Compliance with Ethics Guidelines
All procedures performed in studies involving human participants were in accordance with the Quorum Review institutional review board in the US and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
RESULTS
The demographic and clinical expertise of the 250 medical oncologists who completed the survey is summarized in Table 1 . The practice locations of the participants were evenly distributed across the USA. The majority of the participants reported practicing at community cancer centers (n = 160, 64%) and were practicing for [ 10 years (n = 151, 60%).
Skin Toxicity Management Strategies and Timing
Based on analysis of the returned survey forms, approximately 82% of mCRC patients were receiving recommendations for moisturizer, 88% for sunscreen, and 67% for UV-protective garments prior to or at the time of panitumumab initiation. The proportion of participants who recommended each of the skin toxicity management strategies, stratified by the participant's demographics, is depicted in Fig. 1 . There were minor differences in how participants reported managing rash across the demographic groups of interest. The small descriptive trends that emerged from the data included: (1) a slightly higher percentage of participants in the northeast reporting using skin moisturizer and sunscreen than participants in other regions (Fig. 1a) ; (2) a slightly higher percentage of participants who practiced at community cancer centers reported using skin moisturizer and sunscreen than did participants who practiced at academic centers (Fig. 1b) ; (3) a slightly higher proportion of participants who had been practicing for B 10 years reported recommending each treatment management strategy (with the exception of over-the-counter [OTC]-strength topical steroids) than did participants who had been practicing [ 10 years (Fig. 1c) ; (4) and a slightly higher proportion of participants who practiced with B 5 doctors reported recommending each treatment management strategy (with the exception of OTC-strength topical steroids) than did participants who had been practicing for [ 5 years (Fig. 1d) .
The timing of skin management treatment initiation as it related to treatment with panitumumab is described in Table 2 . The timing of skin toxicity treatments were similar across the demographic groups of interest. In general, a higher proportion of participants across all of the demographic groups reported initiating the use of skin moisturizer, sunscreen, and UVprotective garments prior to or at the same time as initiation of treatment with panitumumab than with other treatment regimens, compared to other treatment options. OTC-strength topical steroids, prescription-strength steroids, topical antibiotics, and oral antibiotics were most commonly recommended at the first sign of any rash or later across all demographic groups.
Utilization of Nursing Support and Dermatology
Utilization of nursing support to assist in the management of skin toxicity was common in this cohort of oncologists (Table 3) . Participants in the western USA consistently reported utilizing nursing care less than did participants in other regions of the USA. When asked about the frequency with which they consulted a dermatologist, the most common response (approximately 40%) was ''occasionally,'' regardless of their demographics (Table 3) .
DISCUSSION
Acneiform rash has a significant negative impact on a patient's quality of life both emotionally and physically, and effective management of skin toxicity is known to improve the quality of life of patients [7, 13, 14] . In addition, dermatologic toxicities are known to result in cessation of anti-EGFR therapies or dose reductions, both of which can negatively impact efficacy of the therapy and survival of the patient [7, 14] .
The results from this study suggest management practices for the treatment of skin toxicity associated with panitumumab use among Fig. 1 Proportion of patients who were recommended each of the skin toxicity management strategies, stratified by the participant's demographics. OTC over-the-counter, UV ultraviolet Table 2 Timing of initiation of skin management treatment mCRC patients can be greatly improved. In particular, use of moisturizers, sunscreen, and UV-protective garments should be universally recommended to all patients. Our data suggest that approximately 82% of patients were receiving recommendations for moisturizer, 88% for sunscreen, and 67% for UV-protective garments prior to or at the time of the initiation of panitumumab therapy. These aspects of baseline skin care are an effective intervention to improve the integrity of the skin and are an integral part of the strategy to manage cutaneous reactions prior to, during, and after oncology therapy [15] . While the epidemiology of acute dermatologic toxicities are well described in the literature, a large knowledge gap currently exists on the management strategies of these ever-present skin toxicities. The multinational association for supportive care in cancer (MASCC) Skin Toxicity Study Group has developed clinical guidelines for the prevention and treatment of dermatologic toxicities associated with anti-EGFR therapies [16] . However, because these guidelines have yet to be incorporated as the standard of care, wide discrepancies exist among providers for how to best prevent and manage skin toxicity and the associated anti-EGFR treatment regimens following presentation of rash. The MASCC guidelines include preventive recommendations, such as topical 1% hydrocortisone cream with moisturizer and sunscreen and systemic treatment with 100 mg of minocycline or doxycycline daily. These preventive recommendations are based in part on regimens found to be effective in the STEPP and J-STEPP studies [11, 12] . The STEPP and J-STEPP studies each demonstrated reduced severity in panitumumab-associated dermatologic toxicities through the implementation of pre-emptive versus reactive skin management. The STEPP study also reported that the qualityof-life measure was less impaired in patients in the pre-emptive group than in patients in the reactive group [11] . In these studies, pre-emptive treatment began 1 day before the first panitumumab dose and continued through weeks 1-6 of treatment. The regimen consisted of skin moisturizer, sunscreen, 1% hydrocortisone cream, and and doxycycline 100 mg twice Table 3 continued [17] . Despite the positive results from the STEPP and JSTEPP studies, few oncologists in our study followed these strategies, and a high proportion of physicians were not familiar with them. While our data suggest that skin moisturizer and sunscreen are the most commonly recommended treatments, the proportion of patients receiving either intervention can be greatly improved. Recommendations from a multinational expert panel reviewing the evidence for non-pharmaceutical skin care products to prevent and manage skin toxicity resulting from oncology therapies were recently published [15] . The authors stated that ''…all anticancer therapy-related cutaneous adverse events are linked to skin barrier dysfunction.'' Moisturizers were identified as a key component to improve barrier function and skin hydration, thereby reducing pruritus and preventing secondary infection due to scratching. The authors also noted how sun exposure can exacerbate rash resulting from anti-EGFR therapies and, therefore, they recommend the daily application of a broad-spectrum sunscreen. The study further reports on cosmetics and non-pharmaceutical skin care products that may further irritate and thus worsen skin toxicities. To this end, collaborations between oncologists and dermatologists are thought to maximize the management of adverse cutaneous reactions while minimizing changes to therapy [15, 18, 19] . The data from our study reveal that dermatologists were infrequently part of the management team and that their involvement could be increasingly utilized. To the contrary, nurses were heavily utilized as a resource to monitor for and manage skin toxicity in our population. Despite this high frequency of use of nurses, there may still be room for improvement. Nurses may be ideally suited to improve the rates of patient education related to photosensitivity that occurs with anti-EGFR therapies, the importance of sunscreen and of UV-protective garments, as well as the importance of daily moisturizer. Nurses could also provide education on products that should be avoided during the treatment period and during periods of rash.
A few other surveys of treatment providers have been published that describe management practices, among which is one US study [7] , one French study [19] , and one German study [18] . The results in these studies are similar to our results with regards to the underutilization of dermatology. Few respondents in our study said they always consult with a dermatologist (5%), whereas it was more common for respondents to say they occasionally (40%), rarely (28%), or never (6%) consulted a dermatologist. The US study reported only 8% of respondents obtained a dermatology consult; only 9% of the German medical oncologists would have referred the case patient to a dermatologist; and the French study reported 97% of respondents did not consider a routine dermatology consultation at the time of anti-EGFR initiation, while 76% declared they had never sent their patients to a dermatologist prior to the appearance of skin lesions. While other results were not directly comparable, the results from these three studies do provide useful insight into how providers are managing skin toxicity. Boone et al. conducted an in-person survey among 110 practitioners of US oncology practices using a questionnaire with 51 open-ended questions pertaining to incidence of rash, treatment practices, patient perceptions, and outcome in treating the rash [7] . This US study reported that only 47% of the respondents actively treated grade 1 rash, 71% treated grade 2, 87% treated grade 3, and 80% treated grade 4. The rash was noted to be painful by many patients, resulting in 32% of providers reporting that pain medications were prescribed for patients because of the rash. Discontinuation of EGFR therapy due to rash was common (32%), and dose reductions of 10-50% were reported by 60% of the providers. The French study was conducted by Peuvrel et al. and consisted of a survey among 67 French practitioners related to prophylactic and curative management of EGFR skin toxicities based on a questionnaire with 31 questions covering 11 clinical situations [19] . In addition to the underutilization of dermatologists, this study also reported that facial moisturizer was proposed by 69% of respondents and doxycycline daily dosage of 100 mg by 66% of respondents. Only eight practitioners (12%) advised patients to avoid exposure to the sun [19] . Lastly, the German study implemented a survey among 149 German oncologists (106 medical and 43 dermatological); this study utilized a 7-item questionnaire along with pictures and history of a patient with acneiform rash, and the respondents were asked to provide information regarding grading and treatment strategies [18] . In this study, 22% of respondents used preemptive treatment. With regard to the case scenario, 91% chose topical treatment with hydrocortisone or antibiotic cream and 64% chose systemic treatment with an antibiotic or isotretinoin.
This study has several strengths. First, we included a randomly selected sample of practicing US oncologists derived from a national database that has access to over 2 million physicians. Since the participants were well represented across the USA and reported many years in practice with robust patient loads, we therefore feel our results are likely generalizable to US oncologists who treat mCRC patients with panitumumab. Second, the survey captured real-world data on current practices and opinions of oncologists for managing anti-EGFR skin toxicity. Third, in an attempt to reduce measurement error, the survey went through a rigorous development and validation process which included two rounds of pilot testing prior to implementation.
The study also may have some limitations. The survey sought to capture ''usual'' practices of oncologists; thus, the extent to which patient-level characteristics influenced treating decisions were not available in this study. If oncologists have widely variable practices that differ by patient demographics, then this study would not capture ''usual'' practices. Because the survey included physicians treating mCRC patients within the last 3 months, there is potential for recall bias among those providers on the outer limits of these inclusion criteria. However, given the mean number of patients treated with Vectibix in the last 3 months was 22 patients, recall bias is likely to be minimal.
CONCLUSIONS
These data highlight important gaps in the management strategies related to anti-EGFR skin toxicities. Interventions are currently available to decrease the intensity and severity of dermatologic skin toxicities, resulting in improvements to a patient's quality of life and minimizing treatment interruptions. Specifically, education regarding the pre-emptive use of sunscreen, moisturizers, and UV-protective clothes should be provided to all patients receiving anti-EGFR therapies. However, universal implementation of these strategies will be challenging until they become the standard of care. To expedite that process, multifaceted information campaigns are needed that target the oncologist, nurses, and patients and their support groups. In addition, increasing continuing medical education opportunities on this topic could further improve the knowledge base. Drug representatives could also serve to inform oncologists of best practices for managing rash. The pre-emptive use of OTC topical steroids and oral antibiotics could also be dramatically improved, ideally with the patient receiving all available interventions in agreement with the MASCC recommendations. Among patients with rash, improvements are needed in integrating care with dermatologists. Future research should aim to understand barriers to provision of these management strategies among oncologists and barriers to uptake of these strategies among patients. Support for this assistance was funded by Amgen, Inc.
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